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IRAG MEASUREMENTS CF SYMMETRICAL CIRCULAR-ARC AND NACA 65-009
RECTATGULAR AIRFOILS HAVING AN ASPECT RATIO OF 2.7 AS
DETERMINED BY FLIGHT ‘i‘ES’I‘S AT SUPERSONIC SPFEDS

By Sidney R. Alexander

SUMMARY

Flight tests have been conducted at supersonic speeds to
determine the drag characteristics at zero 1ift of a wing having &
circular-src airfoll sectlon with a meximum thickuness of 9 percent
chord. The wing plan form was rectangular and had an aspect ratio
of 2.7. Included for comparison sre results of similer tests
previously condusted on an RACA 65-009 airfoil. For the Mach number
range investigated {0.85 to 1.22), the NACA 65-009 airfoll produced
lowar values of drag coeificlent than the circular-src alrfoll.

The difference in drag coefficients of the two alrfolls was greatest
at Mach nurnbers near 1.0.

- INTRODUCTION

The possibility of practical flight at supersonic speeds has
led to the stuwdy of .airfoll shapes that differ basically in profils
from conventlonal round-~nose types. Camperisons of the cheracter-
igvics of round-nose snd shaerp-nose airfoll sections at subsonic
and supersonic spceds, respectively, have been reported in refer-
ences 1 and 2. No theoretical data and only extremely meager
experimental data on this general subject, howover, are availeble
for the transonic speed range (the region of mixed flow). Tests
have therefore beon conducted at the test station of the Langley
Pilotless Alrcraft Research Division at Wallops Island, Va., to
determine ths zero-lift drag of a rectanguler, 9-percent circular-
arc alrfoll of aspect ratlo 2.7 mounted on & rocket-propelled body.
This valus of aspect ratio is based on tho total wing span and ares
includirg the part enclosed by the body. For coamparison, the
results of tosts of the roctanguler NACA 65-009 airfoil, which
khas the same aspect ratio, presented in reference 3 are included.
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BODY AND TESTS' )

A photegraph of the test body is shown as figure 1. The body
was approximately 5 fest long and $ inches in dilameter and was of
wooden construction. ‘The 9-~pércent cirpular-arc airfoil, of 25.73-inch
span, was wovniod on .the bedy so as to have the quarter—vhord point
at tho same lorgitudinal station as the design center of gravity. The o
airfoil kad neitilier tapar twist, nor dihedral The leading and
tralling edges were roundsd off to a En-inch radius which was
about 30 percent of tho leading-edge radius of the NACA £5-series
airfoil section. DBrcoept for airfoll section, the itest body with the
circular-arc airfoil and the comparable test body wlth the
NACGA 65-009 airfoil of reference 3 were alike. A comperison cf the
airfoil sections investigated is presented in figure 2. Although the
conventional section has a rounded nose, the slope of the surface o the
froat part 'of the airfoll is much mors gradual and the rear part is much
finer than Tor tos cirveular-arc airfoil. Two models o; each configuration
ware fired undexr similar atmospheric conditions.

All the test bodles ware propelled by 3.25-inch-diameter Mk. 7
aircraft rocket motors’ enclosed within the bodies. AL a preigmition
temperature of €9° F, the rocket motor provides about 2200 ypounds of
thrust for approx;mately 0.87 second. .

The test bodiss, as well as the test bodies of reference 3,ware
launched at an elsvation angie of 75° to the horizontal. Because of
the high elevation angle ani the- shorit duration of burning of the
rocket motor, the tiajectory of the bodies during their superscnic
coasting flight fafter the propellant was expended} was avproXirately
a stralght line. 'The .flight velocity was ueasured during this coesting
Toriod by means of a CW Doppler radar set'(AN/TPS-5) located at tlhe
poiant of launching. - The values of ‘temperature and static pressurs
used in calcoulating drag coefficients and Mach number were obhained _
from radiosonde obesrvations made at the time of firing. _

RESULTS AND DISCUSSION

The variation of velocity with flight time for one of the ;
circnlar-arc airfoll models, as meassured with the redar unit, is
vresented in figure 3. The part of the velocity curve corresponding
to the time during which coasting flight wee attained (after the erd .
of burning) was graphicelly differentlated to obtain the deceleration.
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The values thus obtained are presented in figure Ik as a function _
of the Tlight velocliy for two identical test bodies with circular-
arc airfoils. Since these models were fired under i1dentical
atmospheric conditions, the difference between the curves can be
partly attributed to the weight differenco between the two models.

From the curves of figure 4, the total drag has been computed
and 1s presented in figure 5 plotted sgainst Mach number. With the
model weight now teken into account, the variation of drag with Mach
numbexr should be the same, and consequently one curve was failred
through *the resulits of both tests, the average scatter of the
calculated pointes from the faired line being approximately i3 percent.
Drag coefficients calculated from the Gata of figure 5 and based on
an exrosed wing area of 200 square inches are presented in figure 5{a).
The correspondilg curvas for the test body with the NACA €5-009 air-
foil and for am identicel test hody without wings ars included Zor
corparison. Figure 6fa) shows that, for Msch numbers betwsen 0.85
and 1.22, the bLody with the NACA 65-009 wing produced lower values
of total érag coefficient than 4id the body with the circular-arc
wing. GQCenerallr similer results have been obtained recently Ly
tiie Lengley Fiight DRessarch Division using fresly-falling-bcdy
tecanique. The greatest difference between the drags of The two
wings can be seaa to occur neer g Mach nurber of 1.0. Jorresponding
curves of wing Greg soefficient, derived by teking the @éifferencs
between the wingsd ani wingless bodies of figure 6(a), are presented
in figure 6(b). ke values of wing drag coefficient debtermined by
thls metnod inclnde wing-fuselage-interference effects. Information
conzerning the variation of the drag-coefficient curves of the
NACA €5-009 and the symestrical circular-arc airfoils beyond the
tested Mach nuwiber Tange could be established only by further in-
veatigation at higher snecds.

CONCLUDING REMARKS

The results of supersonic flight tests to determine the drag
of a rectangular, 9-percent circular-arc airfoll of aspect ratio 2.7
mounted on a rocket-propelled bods: e presented. The drag coefficients
cf a similar test bhody witd ~-009 airfoil oblained in the
same manner have also been included for comparison. For Mach numbers
between 0.85 end 1.22, the values of drag coefficient of the
FACA 65-009 airfoil were lower then those produced by the circular-
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arc airfoil. The difference in drag coefficients of the two
airfoils was greatest near & Mach number of 1.0.

Tangley Memorial Aeronsutical Laboratory
National Advisory Committes for Aeronasutics

Langley Fisld, Va.
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Figure 1.- General arrangement of test body with g-percent circular-
are airfoil with an aspect ratio of 2.7.
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Frgure 6.- Compartson of drag coelficients alf zero It for

the rest bodies with crreular-are and NACA 65-009 airforls
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